A cladding-pumped, LMA ErYb fiber-based, amplifier is presented for use in a LIDAR transmitter for remote sensing of atmospheric CO 2 from space. The amplifier is optimized for high peak power, high efficiency, and narrow linewidth operation at 1572.3nm. Using highly reliable COTS components, the amplifier achieves 0.5kW peak power (440uJ pulse energy), 3.3W average power with transform limited (TL) linewidth and M 2 <1.3. The power amplifier supports a 30% increase in pulse energy when linewidth is increased to 100MHz. A preliminary conductively cooled laser optical module (LOM) concept has size 9x10x1.25 in (113 in 3 ) and estimated weight of 7.2lb (3.2 kg). Energy scaling with pulse width up to 645uJ, 1.5usec is demonstrated. A novel doubleclad ErYb LMA fiber (30/250um) with high pump absorption (6 dB/m at 915nm) was designed, fabricated, and characterized for power scaling. The upgraded power amplifier achieves 0.8kW peak power (720uJ pulse energy) 5.4W average power with TL linewidth and M 2 <1.5.
INTRODUCTION
There is significant interest in narrow linewidth 1572nm laser transmitters (Tx) for atmospheric CO 2 remote sensing. NASA is maturing the technology readiness of a high energy 1572.3nm laser transmitter to TRL-6 1, 2 . NASA has successfully demonstrated the 1572nm fiber laser approach to a CO 2 LIDAR system in an airborne platform 3 . A higher energy version of the transmitter is required for a space-based satellite measurement system with global coverage. The transmitter needs to provide polarized 2.4mJ pulse energy, 20W average power with transform limited (TL) linewidth. The operational power level includes a desired ~20% power derating. Spatial resolution of the LIDAR system can tolerate ~1.0µsec pulse widths which specifies average peak power requirement of ~2.4kW. A number of high energy, Er-glass based technologies have been considered for the power amplifier gain material. These include Er doped phosphate glass photonic waveguide 4 (PWG), Er-doped high aspect ratio core (HARC) rectangular fiber 5 , monolithic Er and ErYb doped fiber based approaches [6] [7] [8] [9] [10] . As part of the ongoing program 1,2 that targets maturation of the technology readiness of the power amplifier to space qualified TRL6 level, two mature monolithic power amplifier approaches are being developed: 1) COTS Erbium-Ytterbium (ErYb) large mode area (LMA) fibers 4, 10 , 2) Core pumped (with 1480nm Raman fiber laser) Er doped very large mode area fiber (VLMA) 9, 11 . For both approaches Stimulated Brillouin Scattering (SBS) is a major obstacle to achieving the necessary output peak power. In order to reduce the peak power requirement, a multi-aperture laser transmitter approach is planned. Multi-aperture architecture increases reliability of the system with the possibility of redundant apertures, at some added expense to the system size, weight and complexity. An optimum number of apertures is envisioned to be 4-8. Figure 1 illustrates the modular-block diagram of the multi-apertures CO 2 laser transmitter 1,2 .
The wavelength step-locked seed laser is pre-amplified and divided into 4-8 channels. A power amplifier (being developed amplifiers targeted fo Energy scaling experiments are performed demonstrating output energies up to 720 uJ/pulse with transform limited linewidth and > 800 uJ/pulse with 100 MHz linewidth (Not SBS limited). 
